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(54) Spread illuminating apparatus 

(57) A spread illuminating apparatus (1) includes a 
transparent substrate, a linear light source made up of a 
light reflector (16) as an optical path conversion portion 
and/or a light conductor (13) made of a linear transpar- 
ent material and having optical path conversion portion 
at least, on either side and disposed closely along at 
least one side end surface (3) of a transparent substrate 
(2), and a dot-shaped light,source (12) disposed on one 
end portion (14) of the light conductor (13). The light 
emitted from the dot-shaped light source (12) enters the 
light conductor (13) and is emitted from a surface (18) 
opposing a side surface (3) of the transparent substrate 
(2). Accordingly, no fluorescent lamp is used; therefore 
impact resistance is improved, and illumination is ena- 
bled at a low voltage. 
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Description 

BACKGROUN D HF THE INVENTION 
1 FiPlrt of Invention 

[0001] The present invention relates to a spread illu- 
minating apparatus used as front-face illuminating 
means for various reflection-type display units and so 
on, and more particularly to a spread illuminating appa- 
ratus used as illuminating means for a liquid-crystal dis- 
play unit. 

2. R^nk groun^ 9* Related Art 



[0002] A liquid crystal display unit that operates with a 
low electric power consumption increases in demand as 
a display unit which is mainly used in association with a 
computer since it has the features such as a thin-type, 
light-weight, etc. Liquid crystal which is a structural ele- 
ment of the liquid crystal display unit requires illuminat- 
ing means for illuminating an image, which is different 
from a light-emission type element such as a CRT, 
because the liquid crystal does not emit light by itself. In 
particular, in demand for thinning the apparatus in 
recent years, there is frequently used a spread illumi- 
nating apparatus of a thin-plate-like side light type (light- 
conductive plate type) as illuminating means for irradiat- 
ing the liquid crystal display unit. 
[0003] Hereinafter, the structure of a spread illuminat- 
ing apparatus 41 of the side light type will be described 
referring to Fig. 15. 

[0004] Reference numeral 42 denotes a linear light- 
source lamp such as a cold cathode fluorescent tube 
(CCFL) or a heat cathode fluorescent tube (HCFL) 
which is used as a light source of the spread illuminating 
apparatus. A transparent substrate 43 made of a mate- 
rial high in transmittance is shaped in a thin plate which 
is nearly rectangular in section. The light source lamp 
42 is disposed at a given interval so as to be separated 
from and along one side end surface 44 thereof. For the 
purpose of illuminating the apparatus, the transparent 
substrate 43 may be shaped in a so-called wedge so as 
to be made gradually thinner as it is far from the one 
side end surface 44 along which the light source lamp 
42 is disposed. 

[0005] A lamp reflector 45 which is formed by evapo- 
rating silver or the like on a film is disposed on a portion, 
which is not opposite to the one side end surface 44, of 
the peripheral surface of the light source lamp 42. The 
provision of the lamp reflector 45 enables most of the 
light emitted from the light source lamp 42 to enter the 
interior of the transparent substrate 43 from the one 
side end surface 44. In addition, in order to prevent the 
leakage of the light, a reflection material 47 formed of a 
reflection tape or the like is added to side surfaces 
except for the one side end surface 44 of the transpar- 
ent substrate 43 (only the side end surface 46 which is 



an opposite surface of the one side end surface 44 is 
shown in Fig. 15). 

[0006] A light scattering pattern 49 (which will be 
described in detail later) is formed on a back surface 48 
5 (lower side of Fig. 1 5) of the transparent substrate 43 in 
order to allow a light to be uniformly emitted from a 
screen of the spread illuminating apparatus unit without 
being influenced by a distance from the light Source 
lamp 42, and a reflector 50 is disposed so as to cover 
10 the entire surface of the back surface 48 on the lower 
portion of the light scattering pattern 49. The reflector 
50 allows a light which is supposed to be emitted from 
the back surface 48 of the transparent substrate 43 to 
be reflected thereby and to progress toward the front 
is surface 51 of the transparent substrate 43 (toward an 
upper portion of Fig. 15). 

[0007] Further, a diffusing plate 52 is disposed in the 
spread illuminating apparatus 41 so as to cover the 
entire front surface 51 of the transparent substrate 43. 
20 in order to avoid a phenomenon (a so-called dot image) 
that only the pattern of the light scattering pattern 49 is 
observed brightly because most of the light which 
progress in the transparent substrate 43 and is emitted 
from the front surface 51 is reflected at the light scatter- 
25 ing pattern 49, the diffusing plate 52 is disposed, 
thereby a light passed through the diffusing plate 52 is 
superimposed on each other (that is, the light is dif- 
fused) to make the density and the emission distribution 
of a light substantially uniform to realize the uniform 
30 emission of the light on the screen. 

[0008] The light scattering pattern 49 shown in Fig. 1 6 
is formed in such a manner that the diameter of dots 
gradually increases from the one side end surface 44, 
along which the light source lamp 42 is disposed, 
35 toward the side end surface 46 which is an opposite sur- 
face of the one side end surface 44, for example, as dis- 
closed in Japanese Patent Laid-open Publication No. 
Hei 5-134251 . The light scattering pattern 49 is formed 
by coating a light diffusion-reflection material directly on 
40 the back surface 48 of the transparent substrate 43 by 
the screen printing system. 

[0009] In this way, the light scattering pattern 49 
allows the amount of light reflected thereby and emitted 
from the front surface 51 to change because the light 
45 scattering pattern 49 is formed by changing a rate of the 
light diffusion-reflection material per unit area depend- 
ing on its location (hereinafter, the rate of predeter- 
mined material per unit area being called "area 
density") That is, the light becomes higher in luminance 
so as it is near the light source lamp 42. Therefore, in order 
to realize the uniform spread light emission, the light 
scattering pattern 49 is formed in such a manner that 
the area density of the light scattering pattern 49 
increases more as it is far from the light source lamp 42 
55 with the result that the amount of light reflected on the 
front surface 51 side increases more as it is far from the 
light source lamp 42. Therefore, taking the distance 
from the light source lamp 42 and the amount of light 
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reflected by the light scattering pattern 49 into consider- 
ation, the light source lamp 42 is adapted to uniformly 
emit the light as a whole. The light scattering pattern 49 
is indicated by oblique lines in Fig. 16 for the facilitation 
of understanding although it is not of a section. 5 
[0010] The above-described light scattering pattern 
49 is structured to coat the light diffusion-reflection 
material on the back surface 48 of the transparent sub- 
strate 43. However, since it is essential that the pattern 
49 have a function of increasing the amount of reflected 10 
light, the pattern 49 may be designed in such a manner 
that a fine-concave/convex surface is formed directly on 
the back surface 48 of the transparent substrate 43, and 
the light is diffused or reflected by the concave/convex 
surface, for example, as disclosed in Japanese Patent is 
Laid-open Publication No. Hei 9-33923. 
[001 1 ] Subsequently, a description will be given of the 
structure of an illuminating apparatus different from the 
above-described spread illuminating apparatus 41, 
which is particularly used as an auxiliary illuminating 20 
apparatus of the reflection type liquid crystal display 
device which is the illuminating means of the liquid crys- 
tal display device. Since the reflection type liquid crystal 
display device is structured in such a manner that the 
surrounding light is employed as illumination so that it 25 
can be irradiated on the screen when the surroundings 
are bright, no illuminating means is required inside of 
the device. However, in a case where the surroundings 
are relatively dark, since there occurs a drawback that it 
is difficult to observe an image, the auxiliary illuminating 30 
apparatus is required. 

[0012] As an appropriate auxiliary illuminating means 
of the reflection type liquid crystal element of this type, 
there is disclosed, in Japanese Patent Application No. 
Hei 9-347648, a spread illuminating apparatus disposed 35 
on a front surface (screen side) of the reflection type liq- 
uid crystal element. 

[001 3] A transparent and spread illuminating appara- 
tus V shown in Fig. 17 is disposed so as to cover the 
observation face F of the reflection type liquid crystal 40 
element L thus structured in use, and its structure is that 
a linear light source lamp 4 is disposed so as to be close 
to one side end surface 3 of the flat transparent sub- 
strate 2 which is made of a material high in transmit- 
tance and shaped in a rectangle in section as shown in 45 
Figs. 1 7 and 18. The light source lamp 4 is famed of a 
cold cathode fluorescent tube (CCFL), a heat cathode 
fluorescent tube (HCFL) or the like. 
[0014] Further, for the purpose of reducing weight of 
the apparatus, the transparent substrate 2 may be so 
formed in a wedge-shaped so as to be made gradually 
thinner as it is far from the one side end surface 3 along 
which the light source lamp 4 is disposed. 
[0015] In this example, it is assumed that, in Fig. 17, 
one surface (a lower side in Fig. 18) of the transparent ss 
substrate 2 on which the reflection type liquid-crystal 
element L abuts is a lower surface 5, and its opposite 
surface (an upper side in Fig. 18) that is on an observa- 



tion face (screen) side is a top surface 6. 
[001 6] A light reflection pattern 7 is formed on the top 
surface 6 of the transparent substrate 2. The light reflec- 
tion pattern 7 is made up of a large number of grooves 
8 which are substantially triangular in section and a 
large number of flat portions 9 adjacent to the grooves 
8. 

[0017] The light reflection pattern 7 is designed in 
such a manner that intervals between which the 
grooves 8 are defined are different depending on posi- 
tion so that the brightness becomes nearly uniform at 
any positions of the transparent substrate 2 without 
being influenced by the distances from the light source 
lamp 4 as shown in Fig. 18. In other words, the ratio of 
the width (occupied area) of the grooves 8 to the width 
(occupied area) of the flat portions 9 is so set as to grad- 
ually increase more as far from the one side end surface 
3 of the transparent substrate 2. 
[0018] With the addition of the transparent and spread 
illuminating apparatus 1 * thus structured to the reflection 
type liquid crystal element L as an auxiliary illumination, 
a light emitted from the light source lamp 4 is made inci- 
dent to the interior of the transparent substrate 2 from 
the one side end surface 3 of the transparent substrate 
2, and progresses toward the opposite surface 10 while 
the light repeats reflection and refraction in the interior 
of the transparent substrate 2. During this action, the 
light is emitted from the lower surface 5 of the transpar- 
ent substrate 2 little by little with the result that the light 
is irradiated on the reflection type liquid crystal element 
L which is disposed in close contact with the transparent 
substrate 2. In addition, since the light reflection pattern 
7 is formed on the transparent substrate 2, the the dis- 
tribution of amount of light emitted from the lower sur- 
face 5 can become nearly uniform. 
[0019] Although being omitted in Figs. 17 and 18, 
since a peripheral surface of the light source lamp 4 
which is not faced on the one side end surface 3 is cov- 
ered with a film-shaped reflection member, the coupling 
efficiency of a light can be enhanced. Furthermore, if 
the side surfaces of the transparent substrate 2 except 
for the one side end surface 3 are also covered with a 
reflection member, since the light is prevented from 
being emitted from the side end surfaces, the amount of 
light from the lower surface 5 of the transparent sub- 
strate 2 can be increased. In particular, in the opposite 
surface 10 of the one side end surface 3, since the 
amount of emitted light is more than those of two other 
side surfaces, it is desirable that the opposite surface 10 
is covered with a reflection member. 
[0020] Also, a direction of the light emitted from the 
lower surface 5 of the transparent substrate 2 varies as 
an angle of reflection of the light changes in accordance 
with the configuration of the grooves 8 of the light reflec- 
tion pattern 7. As a result, the configuration of the 
groove 8 can be appropriately set so that a large 
amount of light is emitted in a direction perpendicular to 
the lower surface 5 (that is, a front-surface direction). 
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[0021] By the way, because both of the above- 
described spread illuminating apparatuses 41 and V 
used as the illuminating means of the liquid crystal dis- 
play device (also including the retlection type liquid 
crystal element L) use the cold cathode fluorescent tube 5 
(CCFL), the heat cathode fluorescent tube (HCFL) or 
the like as a light source, they suffer from problems 
stated blow. 

[0022] That is. the above fluorescent tubes used as 
the light source lamps 4 and 42 have a tendency that io 
their diameters are extremely reduced to satisfy the 
, needs for thinning the apparatus recently, accordingly, 
since those tubes might be broken by even small 
impact, its handling must be done carefully. 
[0023] In addition, in order to allow the fluorescent is 
tubes used as the light source lamps 4 and 42 to emit a 
light, because a high voltage of several hundreds to 
1000 V or higher « generally required, the fluorescent 
tubes are provided with a complicated illuminating cir- 
cuit which is so-called inverter For this reason, a space 20 
in which the inverter «s located must be always ensured, 
and a demand for reducing the space where the inverter 
occupies increases m the needs for thinning and illumi- 
nating the apparatus Also, there arises such a problem 
that a complicated countermeasure is required from the 25 
viewpoint of safety in high voltage. 
[0024] If the fluorescent tube (linear light source) hav- 
ing the above problem is replaced by a dot-shaped light 
source such as an electric bulb or a light emission diode 
as the light source lamps 4 and 42, the above problem 30 
can be eliminated. However, in the case where the dot- 
shaped light sources are merely disposed on positions 
at which the light source lamps 4 and 42 of the above 
conventional spread illuminating apparatuses 41 and V 
are disposed, there arises such a problem that only a 35 
portion in the vicinity of the dot-shaped light source 
becomes bright with the result that uniformly spread 
light emission all over the top surface 6 cannot be real- 

ized - 

40 

SUMMARY OF THE INVENTION 



[0025] The present invention has been made to solve 
the above problems, and therefore an object of the 
present invention is to provide a spread illuminating 45 
apparatus which is capable of realizing uniform spread 
light emission by use of a light source lamp that is excel- 
lent in handling by improving impact resistance to pre- 
vent damage and also requires no illuminating unit such 
as an inverter and no care of safety by illuminating at a so 
low voltage. 

[0026] In order to achieve the above object, according 
to a first aspect of the present invention, in order to 
make an incidence into a transparent substrate, a linear 
light source consisting of a dot-shaped light source and ss 
an optical path conversion means is disposed in the 
vicinity of at least one side surface of the transparent 
substrate. Wherein, regardless of the light transmission 



medium such as air and transparent material, an "opti- 
cal path conversion means" includes a mirror, a trans- 
parent substrate having engraved triangular groove 
which make a light progressing direction change by 
reflection or refraction. And, a "linear light source- 
means a state where dot-shaped lights are disposed in 
a line. 

[0027] According to a second feature of the present 
invention, said optical light path conversion means is 
made of a light conductor made of a linear transparent 
material and disposed in the vicinity of the side surface 
of the transparent substrate and on the opposite surface 
to the opposing surface of the light conductor to the 
transparent substrate an optical light conversion portion 
is formed at least on one end portion of said light con- 
ductor. 

[0028] According to a third aspect of the present 
invention, the light conductor and the transparent sub- 
strate are partially connected in a unitary manner to 
each other. Thereby, there is no need of positioning 
each other. 

[0029] According to a fourth aspect of the present 
invention, the optical path conversion means is formed 
with the light conductor and a light reflection member 
which is disposed over the opposite surface to the 
opposing surface of the light conductor and reflects the 
light emitted from the opposite surface outwardly and 
directs it toward the transparent substrate. Thereby, the 
light reflection member is concretely an aluminum plate 
or a mirror as a kind of optical path conversion means. 
Therefore, if the aluminum plate is bent like a saw teeth 
in section, it becomes a linear source in combination 
with the dot-shaped light source. 
[0030] According to a fifth aspect of the present inven- 
tion, the optical path conversion portion is formed on at 
least either one of the side surface opposing to the 
transparent substrate or the surface opposite to the 
opposing surface of the light conductor and its opposite 
surface. Whereby, although most lights reflected by the 
optical path conversion portion formed on the side sur- 
face of the opposing to the transparent substrate are 
directed toward the direction opposite to the transparent 
substrate, these are reflected by the reflection member 
to direct toward the transparent substrate. 
[0031] According to a sixth aspect of the present 
invention, a dot-shaped light is disposed one or both 
end of the light conductor. 

[0032] According to a seventh aspect of the present 
invention, the light reflection member is formed with a 
vapored metal to increase a reflective efficiency. 
[0033] According to an eighth aspect of the present 
invention, the optical path conversion portion is formed 
with a fine-concavo-convex face and a flat portion. 
[0034] According to a ninth aspect of the present 
invention, the optical path conversion portion structured 
by the light scattering portion on which a white or milky 
paint is partially coated. 

[0035] According to a tenth aspect of the present 
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Fig. 4 is an exploded perspective view showing the 
structure of a light source different from that of Fig. 

3, which is a main portion of the present invention; 
Fig. 5 is an exploded perspective view showing the 

5 structure of a light source different from that of Fig. 

4, which is a main portion of the present invention; 
Fig. 6 is an exploded perspective view showing the 
structure of a light source different from that of Fig. 

5, which is a main portion of the present invention; 
10 Fig. 7 is an exploded perspective view showing the 

structure of a light source different from that of Fig. 

6, which is a main portion of the present invention; 
Fig. 8 is an exploded perspective view showing the 
structure of a light source different from that of Fig. 

75 7, which is a main portion of the present invention; 

Fig. 9 is an exploded perspective view showing the 
structure of a light source different from that of Fig. 
8, which is a main portion of the present invention; 
Fig. 10 is an exploded perspective view showing 
20 the structure of a light source different from that of 
Fig. 9, which is a main portion of the present inven- 
tion; 

Fig. 11 is an exploded perspective view showing 
the structure of a spread illuminating apparatus in 
25 accordance with the present invention, which is dif- 
ferent from that of Fig. 1 ; 

Fig. 12 is an exploded perspective view showing 
the structure of a spread illuminating apparatus in 
accordance with the present invention, which is dif- 
30 ferent from that of Fig. 1 1 ; 

Fig. 13 is an exploded perspective view showing 
the structure of a spread illuminating apparatus in 
accordance with the present invention, which is dif- 
ferent from that of Fig. 12; 
35 Fig. 14 is an exploded perspective view showing 
the structure of a spread illuminating apparatus in 
accordance with the present invention, which is dif- 
ferent from that of Fig. 13; 

Fig. 1 5 is a cross-sectional view showing the struc- 
40 ture of a conventional spread illuminating appara- 
tus; 

Fig. 16 is a schematic diagram for explanation of a 
light scattered pattern in a spread illuminating 
apparatus shown in Fig. 15; 
45 Fig. 17 is an exploded perspective view showing 
the structure of a conventional spread illuminating 
apparatus in accordance with the present invention, 
which is different from that of Fig. 15; and 
Fig. 18 is a schematically cross-sectional view 
so showing the spread illuminating apparatus shown 
in Fig. 17. 



invention* the optical path conversion portion is struc- 
tured by continuously forming the light scattering por- 
tion formed of groove and the flat portion. 
[0036] According to an eleventh aspect of the present 
invention, the optical path conversion portion comprises 
the light scattering portion obtained by continuously 
forming inclined surface which is substantially triangular 
in section. 

[0037] According to a twelfth aspect of the present 
invention, the optical path conversion portion is formed 
so that the area density of said light scattering portion 
increases more in proportion to the distance of the dot- 
shaped light source. 

[0038] According to a thirteeth aspect of the present 
invention, a sectional area perpendicular to a longitudi- 
nal direction of the light conductor becomes smaller in 
proportion to the distance of the dot-shaped light 
source. 

[0039] According to a fourteenth aspect of the present 
invention, a light reflection member which covers all of a 
peripheral surface of said light conductor except for the 
surface opposing the transparent substrate. 
[0040] According to a fifteenth aspect of the present 
invention, a sectional figure perpendicular to a longitudi- 
nal direction of the light conductor is non-circular. 
[0041 ] According to a sexteenth aspect of the present 
invention, the linear light source is formed in a combina- 
tion with the light reflection member formed like a saw 
teeth in section and a dot-shaped light source. 
[0042] With the above structure, according to the 
spread illuminating apparatus of the present invention, 
the linear light conductor is disposed along the side end 
surface of the transparent substrate and the dot-shaped 
light source is disposed on the end portion of the light 
conductor as a light source that realizes spread illumi- 
nation. As a result, since the light emitted from the dot- 
shaped light source enters the light conductor, the light 
emitted from a surface opposing to the transparent sub- 
strate enters the transparent substrate to realize spread 
illumination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] These and other objects, features and advan- 
tages of this invention will become more fully apparent 
from the following detailed description taken with the 
accompanying drawings in which: 

Fig. 1 is an exploded perspective view showing the 
structure of a spread illuminating apparatus in 
accordance with an embodiment of the present 
invention; 

Fig. 2 is a diagram showing the structure of a 
spread illuminating apparatus observed from an 
arrow A in Fig. 1 ; .55 
Fig. 3 is an exploded perspective view showing the 
structure of a light source which is a main portion of 
the present invention; 



DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0044] Now, a description will be given in more detail 
of a spread illuminating apparatus 1 in accordance with 
an embodiment of the present invention referring to the 
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accompanied drawings. 

[0045] Further, the spread illuminating apparatus 1 is 
employed for the same purpose as that of the spread 
illuminating apparatus 1\ which is disposed so as to 
cover an observation face F of a reflection type liquid 
crystal display device L, which was described in section 
of "Background of Related Art" referring to Figs. 17 and 
18 Therefore, the same parts as those of the conven- 
tional spread illuminating apparatus V are denoted by 
the identical references, and their detailed description 

will be omitted. 

[0046] As shown in Figs. 1 and 2, the spread illuminat- 
ing apparatus 1 of the present invention mainly includes 
a transparent substrate 2 and a light source 11 (which 
will be described in detail later), in which a lower surface 
5 of the transparent substrate 2 is disposed on an 
observation face F side of a reflection type liquid crystal 
element L, which is substantially the same as in the con- 
ventional one. A difference between the apparatus of 
the present invention and the conventional apparatus 
resides in that the conventional linear light source that 
serves as the light source lamp 4 is replaced with a dot- 
shaped light source 12 and a bar-shaped light conduc- 
tor 1 3* (which is indicated by black color in Fig. 2 for facil- 
itation of understanding) as the light source 1 1 . 
[0047] In this embodiment, a light emission diode is 
employed as the dot-shaped light source 12, and the 
light conductor 13 made of a transparent material is dis- 
posed along one side end surface 3 of the transparent 
substrate 2 at a predetermined distance. The dot- 
shaped light source 12 is disposed closely on one end 
portion 14 of the light conductor 13. An optical path con- 
version means 15 which will be described in detail later 
is formed on the light conductor 13. In addition, the 
periphery in the longitudinal direction of the light con- 
ductor 13 except for a surface opposite to the transpar- 
ent substrate 2 is covered with a light reflector 16 in 
order to lead a light to the interior of the transparent sub- 
strate 2 with high efficiency. 

[0048] The light reflector 1 6 permits the light to be led 
to the interior of the transparent substrate 2 with a 
higher efficiency by addition of another dot-shaped light 
source 12 to the other end portion 17 of the light con- 
ductor 13 where no dot-shaped light source 12 is dis- 
posed. Also, in the case where the peripheral surface of 
the light conductor 13 cannot be covered with the light 
reflector 1 6 for the reason of design, etc., if at least only 
a portion where the optical path conversion means 15 is 
formed is covered with the light reflector at least, the 
efficiency is remarkably improved. The light reflector is 
formed of a sheet-like member such as a white film or a 
film on which a white paint is coated, or a member 
obtained by bending a metal plate such as an aluminum 
plate which has been applied by mirror polishing. 
[0049] Hereinafter, the optical path conversion means 
15 formed on the light conductor 13 will be described 
referring to Fig. 3. 

[0050] The optical path conversion means 1 5 includes 



a light scattering portion 20 (a black portion in Fig. 3) 
obtained by partially subjecting an opposite surface 19 
of a surface 18 (refer to Figs. 1 and 2) facing one side 
end surface 3 of a transparent substrate 2 to a roughen- 
5 ing process to form fine roughness, and a flat portion 21 
which is not subjected to the roughening process. Since 
the light scattering portion 20 is formed with fine rough- 
ness, a light reflected by the light scattering portion .20 
among the light which is emitted by the dot-shaped light 
10 source 12, enters the interior of the light conductor 13 
from the end portion 14 and is then reflected by the 
opposite surface 19, increases in the amount of light 
which passes through the surface 18 and, as a result, 
progresses to the interior of the transparent substrate 2. 
is [0051 ] For that reason, as shown in Fig. 3, the optical 
path conversion means 15 is designed in such a man- 
ner that the area of the light scattering portion 20 
increases more as it is far from the dot-shaped light 
source 12. As a result, the light scattering portion 20 is 
20 formed taking a distance from the dot-shaped light 
source 12 and the area of the light scattering portion 20 
into consideration so that the amount of light that is 
emitted from the surface 18 increases more as the light 
scattering portion 20 is far from the dot-shaped light 
25 source 12. As a result, the light is uniformly irradiated 
from the surface 1 8 regardless of the disposition of the 
dot-shaped light source 12 on the end portion 14. Con- 
sequently, the light source 11 made up of the dot- 
shaped light source 12 and the light conductor 13 func- 
30 tions in the same manner as that of the conventional lin- 
ear light source. 

[0052] Further, the uniform spread light emission of 
the spread illuminating apparatus 1 is identical with that 
of the spread light source unit V which was described in 
35 section "Background of Related Art", and therefore its 
description will be omitted. 

[0053] A surface roughening method for forming the 
light scattering portion 20 that constitutes the optical 
path conversion means 1 5 of the light conductor 1 3 may 
40 be a method in which the opposite surface 19 of the light 
conductor 13 is directly processed by sand blasting or 
the like. In the case where the light conductor body 13 is 
prepared using a transparent resin material, there is 
applicable a method in which fine-rough surface is pre- 
45 viously formed on predetermined positions of a mold 
through sand blasting, etching or the like in advance to 
mold the light conductor 13 while transferring the light 
scattering portion 20 to the light conductor 1 3. 
[0054] In addition, as shown in Fig. 4, the light source 
so 1 1 may be structured such that the light conductor 1 3 is 
shaped in a wedge, and the dot-shaped light source 12 
is disposed on one of both end portions which is larger 
in area as the end portion 14. Since the light source 11 
thus structured can be reduced in volume in proportion 
55 of the volume in which the other end portion 17 side is 
thinned, the light source 1 1 can be lightened in weight. 
In case of this structure, since the opposite surface 19 is 
tapered in such a manner as being inclined with respect 
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to the surface 18, each angle of reflection of the light 
that progresses to the interior of the light conductor 13 
on the opposite surface 19 differs depending on posi- 
tions. That is, as being away from the dotted-shaped 
light source 12, since the light reflected on the surface 
18 due to a large incident angle changes its progressing 
direction to perpendicular direction relative to the sur- 
face 18 while repeatedly reflected on the opposite sur- 
face 1 9,Tt is necessary to take the angle of inclination of 
the opposite surface 19 into consideration so that the 
light is uniformly irradiated on the surface 18. 
[0055] The fight conductor 1 3 is not limited to a four- 
sided figure in section as shown in Figs. 3, 4 and other 
figures. For example, as shown in Fig. 5, there may be 
employed the light conductor 13 which is circular in sec- 
tion. 

[0056] In order to improve the luminance of the light 
source 11, the light source 11 shown in Fig. 6 is 
designed such that another dot-shaped light source 12 
is disposed on the other end portion 1 7 side in addition 
to the dot-shaped light source 12 disposed on the end 
portion 14 of the light conductor 13. Thus, in the case 
where the respective dot-shaped light sources 12 are 
disposed on both ends 14 and 17 of the light conductor 
13, the optical path conversion means 15 is formed in 
such a manner that the area of the light scattering por- 
tion 20 becomes maximum in the vicinity of the center of 
the light conductor 13, and gradually reduces toward 
both ends 1 4 and 1 7 thereof so that the amount of light 
irradiated on the surface 1 8 is made uniform. In this way. 
when two dot-shaped light sources 12 are disposed, the 
luminance of the light source 1 1 is nearly twice as large 
as that of the light source 1 1 shown in Fig. 3. 
[0057] In addition, the light source 1 1 shown in Fig. 7 
is formed such that a light scattering portion 20' (a por- 
tion indicated by oblique lines in Fig. 7) is coated with a 
white paint (a milky paint is also available), which is the 
optical path conversion means 1 5' of the light conductor 
13. The provision of the light scattering portion 20' 
coated with the white paint makes the reflection factor 
higher than that of the flat portion 21. Accordingly, when 
the light is reflected by the light scattering portion 20', 
the amount of light that passes through the surface 18 
and then progresses to the interior of the transparent 
substrate 2 increases. For the above reason, the light 
scattering portion 20* is formed in such a manner that its 
area increases more as the light scattering portion 20' is 
far from the dot-shaped light source 12 as described in 
the above-described light scattering portion 20 formed 
with roughness. With this structure, uniform light emis- 
sion on the surface 18 is realized. 
[0058] As a method of coating a paint on the light scat- 
tering portion 20\ there is applicable a normal coating 
method such as screen printing, other general printing 
or spray painting. 

[0059] Further, the light source 1 1 shown in Figs. 8 
and 9 is designed in such a manner that the optical path 
conversion means 15" of the light conductor 13 is made 



up of grooves 22 which are substantially triangular in 
section and flat portions 23 formed between the respec- 
tive grooves 22. In the case where the light is reflected 
by the grooves 22, the light that progresses to the inte- 

5 rior of the light conductor 1 3 and is then reflected on the 
opposite surface 19 is liable to progress substantially 
perpendicularly to the surface 18 by the inclined sur- 
faces of the grooves 22. Thus, the amount of light that 
passes through the surface 18 and. progresses to the 

10 interior of the transparent substrate 2 increases in com- 
parison with that in the case where the light is reflected 
by the flat surface poertions 21 . Therefore, the ratio of 
the width of the grooves 22 (an occupied area) to the 
width of the flat portions 23 (an occupied area) is so set 

15 as to gradually increase as they are far from the end 
portion 14 of the light conductor 13. The optical path 
conversion portion 15" of the light conductor 13 is 
formed taking a distance from the dot-shaped light 
source 12 and the area occupied by the grooves 22 into 

20 consideration, as a result of which the light is uniformly 
irradiated on the surface 18 regardless of the disposi- 
tion of the dot-shaped light source 12 on the end portion 
14. 

[0060] In order to actually change the ratio between 

25 the occupied area of the grooves 22 and that of the flat 
portions 23. in case of the optical path conversion por- 
tion 15" shown in Fig. 8, while intervals (pitches) 
between the respective adjacent grooves 22 are kept 
constant, the depths of the grooves 22 are so set as to 

30 gradually increase as they are far from the dot-shaped 
light source 12. On the other hand, in case of the optical 
path conversion means 15" shown in Fig. 9, while the 
depths of the grooves 22 are kept constant, the intervals 
(pitches) between the respective grooves 22 are so 

35 formed as to get gradually narrow. 

[0061 ] The grooves 22 that constitutes the optical path 
conversion portion 15" is substantially triangular- 
shaped in section. However, the grooves 22 are not lim- 
ited to this configuration. The section of the grooves 22 

40 may be shaped in substantially four-sided figure, in 
other polygons, or in a curved surface which is made in 
such a manner as the respective surfaces composed of 
the grooves 22 are connected smoothly. 
[0062] In addition, there may be applied an optical 

45 path conversion portion 15 M a resulting from continu- 
ously forming mountain portions 24 consisting of two 
inclined surfaces which form substantially a triangle in 
section as shown in Fig. 10. Similarly, in this case, in 
order to realize the uniform emission of light on the sur- 

so face 18, it is necessary to form the optical path conver- 
sion portion 15"a taking the angle of inclination, the size 
and the interval of the mountain portion 24 in consider- 
ation. 

[0063] Subsequently, various examples for further 
55 improving the luminance of a screen will be described in 
comparison wfth the spread illuminating apparatus 1 
shown in Fig. 1. The light reflector 16 that covers the 
peripheral surface of the light source 1 1 is omitted from 
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the drawings. The spread illuminating apparatus 1 uses 
the light source 1 1 having a structure of two dot-shaped 
light sources as described on the basis of Fig. 1 1 , which 
are disposed to oppose the surface 18 of the light con- 
ductor 1 3 along one end surface of the transparent sub- 
strate 2. 

[0064] A spread illuminating apparatus 1 shown in Fig. 

12 employs a plurality of light sources 11 each made up 
of a dot-shaped light source 12 and a light conductor 13, 
and one light source 1 1 is disposed on one side end 
surface 3 where the light source 1 1 is provided in the 
case where a single light source 1 1 is used, and another 
light source 1 1 is similarly disposed on the opposite sur- 
face 10 side in a similar way. In this example, it is need- 
less to say that in order to realize the uniform emission 
of light over the entire screen of the spread illuminating 
apparatus 1, the spread illuminating apparatus 1 is 
formed taking the pattern of the light scattering pattern 
7 into consideration. 

[0065] Also, the positions at which the light sources 1 1 
are located are not limited to the one side end surface 3 
and the opposite surface 1 0 of the transparent substrate 
2, but the light sources 11 can be located on any side 
surfaces of the transparent substrate 2. Further, since 
the number of light sources 1 1 used is not limited to two, 
more light sources 1 1 may be located. 
[0066] A spread illuminating apparatus 1 shown in Fig. 

13 is designed in such a manner that two light sources 
1 1 are continuously disposed side by side along the one 
side end surface 3 of the transparent substrate 2. Since 
the light conductor 13 is made of a transparent material, 
the light emitted from the light source 1 1 on a side posi- 
tioned outwardly is not prevented from being made inci- 
dent to the transparent substrate 2. 

[0067] As described above, the structural examples of 
the spread illuminating apparatus 1 for the purpose of 
improving the luminance of a screen can be combined 
at will, respectively, to thereby further improve the lumi- 
nance. 

[0068] A spread illuminating apparatus shown in Fig. 

14 is designed in such a manner that a connecting por- 
tion 25 that extends from the lower surface 5 of the 
transparent substrate 2 to the lower surface of the light 
conductor 13 of the light source 1 1 is formed so that the 
transparent substrate 2 and the light conductor 13 are 
integrated with each other. In this way, the provision of 
the connecting portion 25 enables the transparent sub- 
strate 2 and the light conductor 13 to be molded at the 
same time, and the number of parts is reduced, thereby 
to make possible to reduce the number of assembling 
processes. It is desirable that the connecting portion 25 
is as small as possible within the limits that the mechan- 
ical strength is permitted from the viewpoint of effi- 
ciency. 

[0069] Also, in this example, the dot-shaped light 
source 12 is formed of a light emission diode, but not 
limited to this. For example, a dot-shaped light source 
which can be illuminated at a relatively low voltage such 



as an electric bulb can be employed as the dot-shaped 
light source 1 2 of the present invention. 
[0070] The light conductors 13 as described on the 
basis of various embodiments are not limited only to a 
5 four-sided figure (refer to Fig. 3) and a circle (refer to 
Fig. 5) in section, but are applicable also to a shape 
such as a polygon or an oval except for the four-sided 
figure. In addition, even if the sectional shape is not of 
the four-sided figure as described in the wedge-shaped 
10 light conductor 13 shown in Fig. 4, its sectional shape 
may be so formed as to gradually decrease more as it is 
far from the dot-shaped light source 12. Further, the 
light conductor 13 may be so shaped as to vary its sec- 
tional shape (for example, the sectional shape varies 
is from a circle to a four-sided figure and the like). 

[0071] If the material of the light conductor 13 is a 
material that allows a light to be passed therethrough 
with high efficiency, there is no problem, and acrylic 
resin is most suitable to that material from the view- 
20 points of transmittance and feasibility in process. How- 
ever, in the case of implementing the present invention, 
the material is not particularly limited to acrylic resin, 
and instead, various thermoplastic transparent resin 
such as vinyl chloride resin, polycarbonate resin, 
25 olefinic resin or styrene resin is applicable. Also, ther- 
mosetting transparent resin such as epoxy resin or 
allyldiglycol carbonate resin or inorganic transparent 
material such as various glass materials may be appli- 
cable if there is a demand. 
30 [0072] As a method of producing the light conductor 
13, there are applicable a direct mechanical process 
such as cutting or grinding, or various molding methods 
such as a casting method, a heat molding method, an 
extrusion molding method or an injection molding 
35 method. However, the injection molding method using a 
resin material is most suitable from the viewpoint of pro- 
ductivity. 

[0073] In addition, the optical path conversion portion 
15 formed on the light conductor 13 is so structured as 

40 to be formed on only the opposite surface 19 in this 
embodiment. However, the optical path conversion por- 
tion may be formed on another surface except for the 
opposite surface 19 as well as the opposite surface 19 
so as to be provided over a larger area. 

45 [0074] In the above embodiment, the spread illuminat- 
ing apparatus (refer to Figs. 1 7 and 1 8) disposed on the 
front surface of the reflection type liquid crystal was 
mainly described as the auxiliary illumination of the 
reflection type liquid crystal apparatus. However, the 

so present invention is not limited to, for example, the light 
source lamp 42 of the spread illuminating apparatus 41 
which serves as the back surface illuminating means of 
the transmission type liquid crystal as shown in the con- 
ventional examples of Figs. 15 and 16 can be replaced 

55 with the structure of the light source 1 1 of the present 
invention. Further, the present invention can be applied 
to all the illuminating apparatuses having the fluores- 
cent lamp as a light source. 
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[0075] As was described in detail above, in the side 
light type spread illuminating apparatus according to the 
first aspect of the present invention, there is used a light 
source comprising a light conductor made of a linear 
transparent material and disposed along ail over the 5 
entire at least one surface of said transparent substrate, 
and a dot-shaped light source disposed on at least one 
end portion of said light conductor. As a result, the light 
emitted from the dot-shaped light source-enters the light 
conductor, and the light emitted from "a surface opposite w 
to the transparent substrate enters the transparent sub- 
strate, to thereby become a linear light source as a 
whole. As a result, since the light source of the present 
invention can be employed as the illuminating means of 
the spread illuminating apparatus without using afluo- 75 
rescent lamp which has been used as a conventional 
light source, illumination is enabled at a low voltage, 
noilluminating unit such as an invertor is required, and a 
care of safety is not required. In addition, because the 
light conductor made of the transparent material is 20 
used, an impact resistance is remarkably improved to 
prevent damage, thereby to make possble to improve in 
handling, in comparison with a case in which a fluores- 
cent lamp of the same size as that of the light conductor 
is used. 25 
[0076] According to the second aspect of the present 
invention, since the light conductor and a transparent 
substrate are partially integrally connected to each 
other, there is advantageous in that the number of parts 
required is reduced, and an assembling work and so on 30 
are reduced, in addition to the same advantages as 
those of the first aspect of the present invention. 
[0077] According to the third aspect of the present 
invention, since the light conductor reduces in sectional 
area more as said light conductor is far from the dot- 35 
shaped light source, the apparatus can be reduced in 
weight. Also, there are the same advantages as those of 
the first aspect of the present invention. 
[0078] According to the fourth aspect of the present 
invention, since the light conductor is substantially four- 40 
sided figure in section, stability is excellent so that a fix- 
ing work is facilitated. Also, there are the same advan- 
tages as those of the first aspect of the present 
invention. 

[0079] According to the fifth aspect of the present 45 
invention, since the light conductor is substantially circu- 
lar in section, a light is uniformly emitted at positions 
where a distance from the dot-shaped light source is 
identical toward their peripheries, there is no portion 
which gets partially dark. Also, there are the same so 
advantages as those of the first aspect of the present 
invention. 

[0080] According to the sixth aspect of the present 
invention, since there is further provided optical path 
conversion means on at least one of a surface opposed 55 
to the transparent substrate and its opposite surface, 
the light is allowed to enter the interior of the transparent 
substrate with high efficiency. Also, there are the same 
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advantages as those of the first aspect of the present 
invention. 

[0081 ] According to the seventh to tenth aspects of the 
present invention, since specific structures are provided 
as the optical path conversion means, the present 
invention can be surely employed. 
[0082] According to the eleventh aspect of the present 
invention, since the optical path conversion means is 
formed so that the area density of the light scattering 
portion increases more as the optical path conversion 
means is far from the dot-shaped light source, the 
amount of reflection of light depends on a distance from 
the dot-shaped light source, thereby to make possible to 
make the light emitted from one surface of the light con- 
ductor opposite to the transparent substrate uniform. As 
a result, the light entering the interior of the transparent 
substrate gets linearly uniform, the light sources func- 
tion in the same manner as that of the conventional flu- 
orescent tube. Also, there are the same advantages as 
those of the first aspect of the present invention. 
[0083] According to the twelfth aspect of the present 
invention, since there is further provided a light reflec- 
tion member which covers all of a peripheral surface of 
said light conductor except for a portion opposite to the 
transparent substrate or a portion where said optical 
path conversion means is formed, the light is allowed to 
enter the interior of the transparent substrate with high 
efficiency. Also, there are the same advantages as 
those of the first aspect of the present invention. 
[0084] The foregoing description of the preferred 
embodiments of the invention has been presented for 
purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed, and modifications and varia- 
tions are possible in light of the above teachings or may 
be acquired from practice of the invention. The embodi- 
ments were chosen and described in order to explain 
the principles of the invention and its practical applica- 
tion to enable one skilled in the art to utilize the inven- 
tion in various embodiments and with various 
modifications as are suited to the particular use contem- 
plated. It is intended that the scope of the invention be 
defined by the claims appended hereto, and their equiv- 
alents. 

Claims 

1. A side light type spread illuminating apparatus in 
which at least a linear light source is disposed in the 
vicinity of a side surface of a transparent substrate, 
wherein the linear light source comprises; 

a dot-shaped light source and a light optical 
path conversion means. 

2. A spread illuminating apparatus as claimed in claim 
1, wherein said optical path conversion means 
comprises a light conductor on a surface opposite 
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to the surface of which opposes to the tranparent 
substrate is formed with an optical path conversion 
portion. 

3. A spread illuminating apparatus as claimed in 
Claim 1 or 2, the light conductor and the tranparent 
substrate are connected in a unitary manner. 

4. A side light spread illuminating apparatus as 
claimed in claim 2 or 3, wherein said optical path 
conversion means comprises the light conductor 
and a light reflector which reflects the light emitted 
outward from the opposite surface of the light con- 
ductor toward the transparent substrate. 

5. A spread illuminating apparatus as claimed in claim 
2 or 3, wherein said light conductor comprises one 
optical path conversion portion at least on one of 
the opposing surface or the opposite surface to the 
tranparent substrate. 

6. A spread illuminating apparatus as claimed in claim 

1, 2, 3, 4 or 5, the spot-shaped light source is pro- 
vided on at least one of ends of the light conductor. 

7. A spread illuminating apparatus as claimed in claim 

4, wherein said light reflector is made of a metal 
vapored film. 

8/ A spread, illuminating apparatus as claimed in 
claim 2, wherein said optical path conversion 
means is structured by continuously forming a light 
scattering portion formed of concave-convex por- 
tion. 

9. A spread illuminating apparatus as claimed in claim 

2, wherein said optical path conversion means 
comprises a light scattering portion on which a 
white or milky paint partially is coated. 

1 0. A spread illuminating apparatus as claimed in claim 

5, wherein said optical path conversion portion 
comprises a light scattering portion obtained by 
continuously forming grooves and a plain portion. 

1 1 . A spread illuminating apparatus as claimed in claim 
5, wherein said optical path conversion portion 
comprises a light scattering portion obtained by 
continuously forming inclined surfaces which are 
substantially triangular in section. 

12. A spread illuminating apparatus as claimed in any 
one of claims 6, 7, 8, 9 and 10, wherein said optical 
path conversion portion is formed so that the area 
density of said light scattering portion increases in 
propotion to the distance from said dot-shaped light 
source. 



13. A spread illuminating apparatus as claimed in any 
one of claims 6, 7, 8, 9 and 10, wherein a sectional 
area of the light conductor in section perpendicular 
to the longitudinal length of the light conductor is 

5 made small in proportion to the distance from the 
dot-shaped light source. 

14. A spread illuminating apparatus as claimed in any 
one of claim 4, further comprising a light reflector 

10 which covers all of a peripheral surface of said light 
conductor except for a surface opposing to the 
transparent substrate. 

15. A spread illuminating apparatus as claimed in 
15 claims 2-13, said light conductor is configured as 

circular or non-circular in section perpendicular to 
the longitudinal direction. 

16. A side light type spread illuminating apparatus in 
20 which a linear light sourcie is disposed in the vicinity 

of a side surface of a transparent substrate, 
wherein the linear light source comprises; an opti- 
cal path conversion means comprising a dot- 
shaped light source and a light reflector configured 
25 as a saw teeth in section. 
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